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The effects of miction 

chord and 2$ "percent-chord 

through  slots located at the. $-percent- 

statione on the l ong i tudha l  aemdymalc 

characteristics of 47.5O sweptback wing-f'uselage configuration  with asd 
without flaps hav-e been investigated in  the Iasgleg full-scale tunnel 
at an average Reynolds number of 6.1 x 10 . The wing section normal to 
the quarter-chord line w m  NACA 6klAU2, the aspect r a t io  m a  3.4, end 
the  taper r a t i o  was 0.51. 

6 

The maxirrmm-lift coefficient of the plain wing without  suction 
was 1.03 and the application of auction a t  a high flow r a t e  increased 
the maximum lift to 1.20. The wing in the sealed an& faired  conditmn 
W&B longitudfndly  unstable at stall, but with suction ap-plied  along 
the outboard 7 B e r c e n t  spas at the m8-t forward lead-dge s lo t  (i- percent chord the  instabil i ty near mximm lift was. eliminated. 
Applying suction at a high flow rate along the outboard 5O+ercen% wing 
span with t h i s  s l o t  resulted In a mFl.xltlift coefficient of 1.13  asd 
longitudinal  stability throughout the lift range. 

) 

The installation of s p l i t  flaps resulted in maxbnm-lift d u e s  
similar t o  the unflapped WFng with and without  boundmy-wer  auction 
and was 1ongitudhmUy  unstable f o r  all conditions investigated. 

The 47*em=enhpas, 5wercent-span, aud exten- 
sible lead- flaps combined with suction 
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at a high  flow  rate  gave maximumdift increments of 0.06, 0.03, and 0.08, 
respectively, so that maximum"lift coefficients of 1-19, 1.21, a;nd 1.26 
resulted  for  the  respective  flap  arrangements. The s.mJler-+qan lead- 
edge-flap  configurations  were  longitudinally  stable  at  the  stall f o r  the 
conditions  with and without  suction; whereas  the  7IC-percent-span-fhp 
configuration was longitudinally  stable only at a high-suction-flow 
rate. 

The lift and stabiiity  characteristics  af thin aweptback wfngs are 
relatively  poor as a relsult of leadhqpedge separation and thick boundary 
layers  developed over the  tip  sections. The use  of  devices  such  as 
l ed inwage  flaps as a means f o r  c ~ ~ ~ i n g  separation  (reference 1) has,. 
in general, shown improvements in the  fnherently poor low-fqeed charac- 
teristics of thin  swept m s .  In addition to the  use of flaps,  the 
application of suction  at  the  approximate  midchord  position on a thin 
two-dtummiond airfoil (reference 2) and lead- area  suction on c 

the same model (reference 3)  has also inrproved the  section  lift  charac- 
teristics  but, &B yet, very few data are available  with  boundary-layer 
control on three-dimensional wings. A program wae undertaken sometime 
ago at the Langley full"eca3.e tunnel to  evaluate  the  effects  of various 
combinations of high-lift flaps and the  application of boundary-layer 
control by suction on the  longitudfnal  stability and lift chmacterietice 
of a thin him sweptback wing. 

The model investigated had a wing led-% sweep of 47.5O, an 
aspect  ratio of 3.4, a taper  ratio of 0,51, and NACA 641All2 airfoil 
sections w e r e  normal to  the  quarter-chord line. 

The initial  phaee of the general program was to investigate  the 
effectiveness OR the  aerodynamic  characteristics of suction  slots at 
the  X)-percent-chord,  4o"percent-cplord, and 7o"percent-chord  stations 
along the outboud half of the wing span (reference 4). These results 
indicated  that sepmation occurred  at the leading edge and showed  the 
necessity of apply- mction near the w i n g  leading edge. The experi- 
mental results of reference 5 further indicated  that a suction s l o t  
located  immediately rearward of the peak negative &ace preseure would 
help to elimhate leadbg-edge separation. The full-scale-tunnel  pro- 
gram was,  therefore,  extended  to  investigate  the  control of leadbg-dge 
separation  by  suction and the  results of the Fnvestigation are  presented 
hereln. The slot  location  required for this  control is known to be 
dependent upon the variations of the pressure distribution or angle of 
attack and, f r o m  the two-dimaneional  data of reference 5, it is seen 
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. that a suction  slot  at  or very near the  $-percenhhod station was 

effective in improving the  eection  lift  characteristice. The slots f o r  
the teste  presented herein were therefore  located at the &--percent- 
chord and the !2$-percent”chord  statio- asd -re &meetigated bdi- 

viduallg or in combkuation  with  the h e r c e n b h o r d  suction  slots and 
with  split tra” flage.  he +-percent-chord dot was -0 

investigated ‘ i n  CoDibination with the extensible le-e flaps. 
The average ReynolaS number f o r  t h e  t e s t s  with  suction wa8 6.1 X lo6 
and the Mach number was approximately 0.10. 
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section lift, pounds 

dTag, pounds 

pitching moment; positive when moment tends to  increase 
angle of attack, foot"pounds 

t o t a l  wtng area, square feet 

wing area affected by span of suction  elota', 
square fee t  

free-tream dynamic pressure, pounds 

foot (; POVO2) 

mass deneity of air, slugs per cubic 

free-stream velocitg, feet per second 

per s q w e  

foot 

win@; chord measured perpendiculaz to quarber+hord 
line, fee t  

wing chord measured paral le l   to  plane of sy"metry, feet  

w5ng man aerodynamic chord meaaured in plane para l le l  

total q m t i t y  flow through suction slots, cubic fee t  
per second 

free-stream t o t a l  p reeme ,  pounds per square foot 

t o t a l  pressure inside wing duct, pounds per E ~ B Z ~  foot 

loca l   s ta t ic  pressure, pounds per square f o o t  

free-etream s t a t i c  preesure, pounds per e q w e  foot 

coefficient o f  viscosity, slugs per foot-second 
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X distance measured paral le l  t o  plene of mtrg, feet 

b 

U 

distance measured perpendicular t o  plane of sgmmetrg, 
feet 

- 5  

w5ng spas measured perpendicular t o  plane of qmmtrg, 
feet  

esgle of  attack of wing chord lfne measrzred in plese of 
Bsmmetw, 

General d w i o n a  of the mdel are given fn the t h r e e d e w  d r a m  
of figure 1, and figure 2 presents a photograph of the model mounted 
in the TfFnQ=ley full-scale  tunnel. The wing leading-edge sweepback 
m a  47.5O, the  aspect  ratio was 3.4, the  taper ra t io  w a s  0.51 and the 
airfoil  sections normal t o  the qmr-tercchord l ine  were NACA 6 & 1 ~ 2 .  The 
a panels we= munted in a l o w  midwing position a t  zeA incidence on 
a cfrcular fuselage and had no geometric  dihedral and no twist. 

The a u x i l i w  high-liFt devfces tested In conjunction  with boundary- 
layer control consisted of extensible lead-ge f l a p s  and sp l i t  
trailing-edge flaps. Details of the  flaps  are  given in figure 3. The 
extensible lead-age f l a p s  -re  IO-percent  chord and extended over 
the outbomd 47, 59, and 74 percent of each uing panel asd were deflected 
1 2 7 . 5 O  from the wing chord l ine.  These l e a d i n w e  flaps were faired 
i n t o  the wfng s u r f h e  and, for these  pazticular  configurations, it was 

not  possible t o  t e s t  the f laps  in conjunction with the $-percen.t-chord 
slots. The x)~ercent-chord split flaps extended outbo8zd. f r o m  the 
l!+gercent+emispas station t o  the 5~ercent-aemispan  s ta t ion and were 
deflected 60° f'rom the wing chord line (measured in a  plane  parallel t o  
the plane of qzmetw).  

Boundq-lqer euction waa applied at the wing -per &ace throu@;h 
s l o t s  located at either  the  0.035~ o r  O.O25c, and in combiaation  with 
s l o t s  at   the 0 .kOc stations  (fig. 3 ) .  The leading+dge slots spanned 
the outboard 73 percent of each wing panel and. t h e   e e r c a n t - c h o r d  slots 
edended o u t b o e   f r o m t h e  5l+ercent+emiapan station t o  the 9kercen-t- 
semispan station. The area  affected by the  7Hercent-span lead- 
edge suction slots W&B 67.4 percent of the t o t a l  w i q g  area. Sealing 
the inbomd 23-percent  span of these s l o t s  reduced the affected wing 
mea t o  40.7 percent of the t o t a l  wing area. The s l o t s  dischazged the 
air in to  a sinae bok4eam type of passage that waa us& as a  duct t o  
the axial-flow blower housed in the fuselage (fig. 4 o f  reference 4). 
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F l o w  quantities w e r e  determined from a large number of total- and 
s t a t i - r e ~ s ~ e  W ~ S ~ I W ~ ~ B  in the agnuluB ahead of the ~ f a l - f l o w  
blower. It would have been desirable t o  have obtaFned p r e e m e  measure- 
ments in the 810% diffuser along the man, but such instrumntation was 
not installed in the  mdel and, therefore,  the pressure-loss coeffi- 
cients C p  were determined from total+reseure measurements obtafned 
a t  the whg-fieelage Juncture of each wing pasel, where the t o t a l  pres- 
sure was essentially  static  presmre because of the l o w  velocitg. From 
the  results of the  investigation  raported in reference 4 it wa8 evident 
that pressure-distrfbution data over a few spanwise statim8 would be 
most useful in  the  interpretation of the wing+tall progression and in 
the  evaluation of the  local  influences of boundary-mer  suction. Air- 
f o i l  surface pressures (meamred in a plane p-1 t o  the p ~ e  of 
symmetry, table I) were  measured over the left wing panel by flush O r i -  

fices  located 'at the 0.4, 0.5%, b 0.7+ b o .9$ stations. 

The tests t o  determine the effects of  lead" suction on the 
1ongitudFnal aerodynamic characteristics of the  mdel were m d e  on the 
s i x - c o q o n e n t - b a c e  Bgetem of the Langley full-~cale tunnel. Force 
data, a i r fo i l  pressure  dietributiorm, asd uppe-ace tuft obsema- 
tions were obtained at zero yaw over a range of asgle of attack f r o m  
t m a ~  negative -0s t o  the angle for maximum lift (except for two 
conditions where  the maximum lift waa not  clearly  deffned) . 

Boundary-layer suction  data mre obtained  with slot8 located at 
the  0.005~ and 0 .O25c stations, asd these s lo ts  were investigated 
separately and in combination ~ t h  the 0 . k c  s l o t  installation. A few 
t e s t s  wem made t o  detemlne the  effects of reducing the qanwhe  exbent 
of the  0.005~ l e a d w d g e  s l o t s  by sealing the inboard 2Bercen-t span 
of theee s lo ts .  The effects of  sudd= loss of bounda;rg"layer suction 
sFmLzlating a power failure by having the d o t s  open a,nd allowing the 
blower t o  windmill were investigated f o r  the plain- configuration 
having the 0.7$ 0 .005c s lo ts .  Becauee the 0.7@ extae ib le  lead* 

edg-flap Installation was found t o  produce the highest Ch and 

longitudinal  stability at stall when combined with suction at the 
0.023 s l o t s ,  a similm power-failure tea t  was conducted. 

2 2 

A f e w  exploratorg t e s t s  were made t o  detelpline if  there were any 
appreciable low-speed scale  effects f o r  the p l a i n  WFng and the wing 
with s p l i t  flaps without boundarrg"1ayer control f i o m  2.2 t o  7.5 x 10 6 
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and from 2.2 to 6.1 x 106, respectively. The tes ts  to investigate 
bound--layer Buctfon  ware made at a Reno1d.a nyng"er.. of 6.1 X 10 and 6 
a Mach ne-er Of .about -0 J.0 

. " " 

The operational  chmacteristics of the large (+footi~iameter), 
singl-tage, axia3_"flow blower used in this  investigation were such 
that, t o  obtain  the required preseure r ise ,   re la t ively m g e  air q w -  
t i t i e s  were drawn through the aystem. The a t t e q t s  to control  the 
quantity  at any condition by thrott l ing o r  d l i q  bleed were not 
.successful because of the accompanied reductions in pressure rise,  and, 
fn some instances, even for an untbrottled  condition, the fan was 
receiving  insufficient  air"flow  quantity for maximm m e s u r e  r ise .  Ih 
all cases, the f l o w  rates that wBre encountered are greater than those 
recorded in two-tIimensiod  bvestigations  (references 3 5 ) .  The 

. tests were run at constant speeds of either 3000 o r  4000 rpm producing 
total-uction-flow coefficients of the -order--&= O:.QlAo- about. .O,O.?J5 
and pressure-loss  coefficients from about 4 t o  10 over the complete 
range of angle of attack, asd these data  are  presented w i t h  the force 
data. The zem-flo.w-rate condition  represents the configuration  with 
the slots sealed an'a %ired to a m o t h  contour  with the wfng. 

The data ham been corrected f o r  jet4oundaz-y  effects (as deter- 
mined from the straigh-g method of reference 61, blocking effects, 
stream alinemnt, and apprnxlmate winvupport  fnterfermce. Ih addi- 
tion, a drag taxe correction has been applied to conrpmate f o r  the 
effects of the  air-jet thrust due t o  the blower operation. The drag 
coefficients, aa presented in the figures, are  the measured coefficients 
of the external  drag of the wing-fuselage combination and do not  inclube 

characteristics, a check af the chordwfse-force  compnent in the high 
angle-f-ttack range &owed that it could  contribute onlg 3 percent t o  
the lift and this component w a ~  therefore neglected.. 

' the   b lowevwer  drag coefficients. In determhlnn  the  section lift 

Ih asy comparison of these  results with those of the investigation 
presented in reference 4 it Bhould be noted that  the aspect r a t i o  of 
the model was reduced from 3.5 to 3.42, the taper ra t io  was changed 
from 0.50 to 0.51, and the  location of the  quarter chord of the mean 
aerodynamic chord m s  shifted  slightly f0rwaz-d. These ph-formmzia- 
tions did not appreciably  affect the lift and drag characteristics but 
did affect somewhat the longitudinal stability characteristics of the 
model. 

The surfacwressure remits presented were obtained. a t  only  four  
spanwise stations; hence thby m e  not sufficient* extensive fo r  a 
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loads  analysis  but do provide some detailed  information  regarding  the 
flow phenomena f o r  the  conditions  investigated. In all cams with  the 
semispas  split  flaps  deflected,  section  lift  coefficients are not pre- 
sented  for  the  two inboard stations  because of the  absence of pressure 
measurements  over  the  rearuexd part of  the w i n g  and  flaps; however, the 
airfoil  surface pressures are  presented  to  show  the  important  effects 
in the  region of the wing leading edge. 

A summarg of  the  maximmn-lift  results and the  longitudinal  sta- 
bility  characteristics f o r  the wing configurations  tested w e  presented 
in table 11. In order to  facilitate  the  discussion of the  results, the  
data are arranged  in  the following order  of  figures. The m ~ u l t ~  of 
the Rqnolds number  kests f o r  the p l a i n  ‘King and t he  wing with split 
flaps are presented in figure 4. Figures 5 and 6 present fort-test 
data and v i sua l  tuft diagrams f o r  the plain-g configuration with and 
without boundq-layer suction and ~ “ I O U S  slot  locations. The split- 
flap  tests  with  suction at the 0.005~ slot and the  comblaation of the 
0.005~ slot and the 0.40~ slot are shown in figure 7, the  asBoci- 
ated  stall  diagrams are given in figure 8. Force-test  data and flow 
diagrams  for the conation wlth suction at the 0.022 slots, and the 
combination of the 0.02% slot asd the 0.40~ slot, asd with extensible 
l e a d w & g e  flaps are given in figures 9 and 10. Alrfoil-surface 
pressure data for the p l a i n  wing and the wing with  split  flaps are pre- 
sented in figures ll and 12 f o r  the  conditions  with and without boundary- 
layer  suction. S Y ~ -  curves of section l i f t  data &B obtafned  by  inte- 
grating the chordwise-surface  pressures for several Reynolds nmibers are 
given in figwe 13 f o r  the plafn wing and f o r  the wing with split  flaps. 
Figure 14 presents  section  lift  data  for  the  plain wing and. the wing 
with  split f l aps  showfng the  effects of leading-dge suction.  The 
effects of the  extensible leading-edge flaps  without  bounbry-layer 
control on the  ‘chordwise-gressure  distributions are given in figure 15. 
The effects of suction-power  failure on the  characteristics of the 
mdel f o r  the plain wing and the w3ng with 0 .79  extensible leading- 
edge flaps are  given in figure 16. 

” 

DISCUSSION 

Reynolds Number EPfect 

In order to letermfne i f  there  were a n y  scale  eFPects in the l o p  
speed  range on the  chmaoteristics of the  present wing, preliminary 
tests mre made f o r  the  plain wing and the wing with  split  flaps and 
slots in the  sealed and faired  condition. The results  indicate  tha,t 
varying the  Reynolds  number had no appreciable  effects on the  lift and 
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drag characteristics of the model in the 10- and mderateA.ift- 
coefficient renge. The greatest  increme in the mxlmu~~lift coeffi- 
cients occurred between R e y n o l d s  nunibers of 3.0 X 10 6 and 5.2 X 10 , 6 
asd the  results of figure 4 show increments of about 0.04 and 0.09 for  
the pla in  wing and the wbg with s p l i t  flaps,  respeckively. The section 
lift plo ts  of figure 13  also show the Bmall Influence of Reyno lde  nm+ 
ber, in the range investigated, on the lift characteriatics and these 
results aze cornistent  with  the  trends shown in figure 4. 

The shape of t h e   p i t c h i n v m e n t   c u r "  in the lar- and milerate- 
l i f t -coeff ic ient  range was not significantw influenced by increasing 
the Reynolds nmlber; however, the  unstable  break in the mment curve 
occurred at increa6- higher lift coefficients between Rergnolds nun+ 
bers of 3 .O X 10 and 5 ;2 X 10 . For all conditions, the sudden insta- 
b i l i t y  in the high-Uft range is closely related t o  the point on the 
lift curm where initial decrease in 1i-m slope OCCUTE and where 
the  drag-coefficient-curpe  slope  increases ragi-. 

6 6 

Characteristics of the Pla in  W i n g  

The maximmGl.ift coefficient of the plain W l t h O U t  b o d - -  
layer  control was 1.03 at an angle of attack of 21  . Ih the l o w - .  
coefficient range, the  lift-curve slope aa  calculated from s-le sweep 
theory (0.057) is in good agreement with the resul ts  of figure 5 (0.09) 
and the pitch-ment characteristics hbout the quarter chord of the 
mean aerodynamfc chord in this l if t-coefficient range e b w  s ta t ic  sta- 
b i l i t y .  Between lift coefficients of 0.6 asd 0.8, the tuft diagrams 
(fig.  6 )  a ~ d  the a i r f o i l  surface pressures  (fig. n) indicate the flow 
over the t i p  sections t o  be disturbed, and a separation bubble was 
evident at the leading edge of about the 0 -9% station. The presence 
of th i s  bound region of sepazation at the leading edge causes an 
increase in the local+ection-lift  coefficient as has been Bhown p r e  
v ious ly  in the investigation of reference 7. This  increase in lift over 
the t i p  produces the  increased  stabilitg shown in the  1if-k-oeffioient 
range of about 0.9 (fig.  5 ) .  As the angle of attack Fnoreases further, 
the  rapid  progression of separation over the  entire t i p  produces a 
very sudden loss of lift over the outboard sect im,  and, therefore, 
the  severe  longitudinal  instabilitg p r io r  t o  &. 

The results with boundary-layer control  (fig. 5 )  show that suction 
increased the -lift coefficients f m m 1 . 0 3  t o  1-12 aSa t o  1.20 
at blower speeds of 3000 and 4000 rpm, remectively, for either the 
0.005~ o r  the  0.023 s l o t  mangements. Ih the  asgle-f-attack  range 
p r i o r  t o  C h ,  the lift coefficients with boundmy- . e r  control at 
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the 0.005~ station mre slightly lower than  those for the sealed wing. 
The reduction in lift is attributed t o  the fact that suction  prevented 
the formation of lead-dge separation and thus  eliminated the addi- 
tional increment of lift which had occurred at the t i p  sections  for the 
bmic w2ag. The linear portions of the l i f t  c m e  were, however, 
extended t o  higher angles of attack and, for the  0.025~  slot corPLgu- 
ratiom,  suction  slightly  increaaed the slope of t h e  lift curve. The 
application of  mction at the  0.005~ had 110 appreciable effects on the 
pi tch invment   chmacter i s t ics  of the wing in the  1owLlif-t-oefficient 
range. In the mderate- and high-liftcoefficient range, however, 
suction was effective in eliminating the l e a d m d g e  separation bubble 
at the t i p  and, therefore,  prevented  the sudden s t ab i l i zhg  tendency pre- 
viously shown for the plain wing. The flow over the t i p s  Wa8 sufficiently 
controlled  to produce mre desil'able p i t c h w m n t  c-acteristics at 
maximum lift. The f l o w  diagram indicate that initial stall occurred 
over the rear portions of the  t ip  sections and r spread  inboard along the 
rear portion of the wing. A t  angles of attaok near C h ,  intermittent 
stall occurs at the leading edge,  which probably is responsible for   the 
mmsntw instability  indicated for t h i s  configuration. 

m e  effectivanese of suction (0.005~ slote)  an the led-dge 
flow is  shown by the  section lift plots (fig. 14) t o  be m i a b l e  oyer 
the span and., from such information, it should be possible  to ascertain 
the  variations in spanwise control of euction flow xfifch would be 
required fo r  maxlmun effectiveness. However, these result8 show that 
at the  higher asgles of attack, which is the most significant rmge 
under consideration,  with  the lower flow rate (300 rpm) mre lif't was 
produced over the i n b o d  sections; whereas a greater f l o w  rate w m  
necess- over the outboard sections  to provide agp subertantial  increases 
in  l i f t .  The greater  effectiveness of  the lower-suction  condition  over 
the Inboaad Election would not normally be expected but  the following 
offers a possible  explanation fo r  this effect. The average p l e n m  
chamber pressure-lose coefficient 5 (fig. 5(a)) is about 10 and 6 
for  the 4-000- asd 3 0 0 " r p m  suction  conditions,  respective-. m e  greater 
suction  condition, in general, produced the required pressure drop to  
Induce inflow  along the span of  the win@; asd the  lower pres-loss 
coefficient (Cp = 6 for  3000 r p m ) ,  howver, was unable to  satisfy the 
pressure  differential  required for inf low at the inboard sections. A s  
a result  of the spanwise variation in the surface  pressures, which can 
be found f m m  a carreful examination of figures U ( c )  and =(a) ,  in 
particular the pressures at the 2$-percent  chordwise station, it is 
conceivable that air was Bucked into  the s lo ta  along the center and out- 
board sections & blown out of the slots  along the FnboaSa sections. 
It is possible that the outflow would produce the  effect of  a local 
increased c&er of the inboard sections  (fig . U ( d )  ), 0 .$ and thus 
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an increase in lift over the forward portion of the  a i r foi l  and some 
forward shift of the  center of pressure. The wing W&B about neutrally 
stable up through the stall for the lower suction  condition of 3000 rpm, 
although  there W&B some destabilizing mment shift in the  hfgher 1l.f” 
coefficient range a s  compared t o  the higher suction  conditiim, which is 
believed t o  be  caused br the forward movement of the  center of pressure 
associated with the  outflow over the inboard portions of the slot. 

It should be pofnted  out that in the mderat~~lifticoefficient 
range the  section-lift data prelsented in figure 14 indicate an increase 
in lift due t o  suction; whereas the force  data  presanted in figure 5(a) 
indicate a &creme in lift due t o  auction. A reason f o r  this discrep- 
ancy could not be determined. If it is  aslsociated with some measuring 
haccuracy, some of the precedlzg discussbn of the possible f l o w  phe- 
nomena might lose i ts  significance. It is recognized, in aay case, 
that th i s  discussion is orily tentative,  although it is  felt that the 
general approach is reasonably  comect. 

The previoue resul ts  ham shown that suction at the leading edge 
of  the  outherd 73 percent of the wing span appreciably hppved the 
longitudinal 8tabilitg  chazacteristics of the model, but  the stall wbich 
occurred at high lift coefficients over the outboard  sections was not 
eliminated. The i n b o d  23 percent of the 0.OOgC s l o t s  mre sealed, and 
the  results  (fig. 5(a) ) indicate that, athough  the maximum lift was 
reduced f r o m  1.20 f o r  the wing with “Hercen t  span 0.005~ slots, t o  
1.13 (at 4000 rpmj the model has mre stable p i t c ” t ,  chmacter- 
i s t i c s  over the  l i f t icoeff ic ient  range including a verg stable pitchlng 
tendency near G. The greater brealdown in the lift over the 
fnboard ~ e c t i o m ,  f o r  the smdl’lapas slot configuration in coqmieon 
wlth that for the lazman s l o t  configuration, resulted. In a st- 
bilizing rearward ehift of the aerodynmlc center and a net decreaae 
in t o t a l  lift. 

Suction-elot  location hae been shown in the two-dAwmional t e s t s  
of reference 5 t o  be of primqy importance f o r  the  control of leading- 
edge separation on a thh a i r f o i l  at high lfft coefficients. The prm- 
ent  investigation  with  suction a t  the 0.0- s lo ts  also clemly -- 
cates  the  significance of s l o t  location. The p i t c w m s n t  curves 
of figures 5(c) a ~ d  5(d) show about the same trend of s t ab i l i t g  as fo r  
the  basic wfng, nhich waa characterized by a rapid  increase fn stabill- 

.’ before maxhmm lift followed by an abrupt instabi l i ty  near C h . .  The 
pressure-dietribution data of figure U. indicate that lmmediatelg  behind 
the peak negative  presmre  there is an extremely steep adverse presmre 
gradient and, in order t o  maintain any control of separation, a suction 
s lo t  must be wall foruard in the region o f  the  steep &Terse pressure 
gradient. The f l o w  diagrams (fig. 6(b) ) show that auction through 



the  0.025~ s l o t s  did reduce the spanwise f l o w  of the bo- leyer in 
the region behind the slot but w m  ineffective in de" the  onset of 
leading-edge eepmt ion  and t i p  stall. 

In the attempt t o  reduce the tendency for trailing-&@ separation, 
suction at the 0.40~  s lot ,  in addition t o  the 0.005~ slots, did not p w  
vide any further iqrovement of the  stabil i ty of the model In the high- * 

lift range (fig. 5(b) ) f o r  the lowelr-flow+-ate condition and was detri- 
mental for  the  hi@-flomate  condition. It is probable, however, 
that  the 0.003 and the 0 . b c   s l o t 8  in combination may have functioned 
more effect-ively if the flow thmugh each could have been controlled 
independently because there w w  evidence of outflow at  the forwarrd s lo t  
due t o  the ove- reduction of the  plenwhamber  suction  preseure 
whenever the   0 .40~  s lo t s  were in  operation. The staLlLng patterns 
(fig. 6 )  f o r  t h i s  slot coabination mre sFmilar t o  that of the betsic 

which 8hoW0d p r e d o w t  l e a d m d g e  €Ita. 

Characteristics of the W i n g  with  Split  Flaps 

The basic w i n g .  equipped with -lit flaps produced a maximum-lift 
coefficient of 1.05 (fig. 7) and the  longitudinal  stability character- 
i s t i c s  a m  similar t o  those f o r  the p l a i n  wfng with the  inherently 
abrupt instabil i ty occurring neaz C k .  Bo"L8pr control a t  
the  0.005~  slot  increarsed the maximmklift coefficient to 1.12 a d  1.22. 
at blower operatFng conditione of 3000 and 4000 rpm, reqectively. Wfth 
auction  control erqloyed, the  longitudinal  stability was improved in the 
low- and moderate-lift range, but near C 4 n a ~ c  the pitching-moment 
characteristics were unstable. The tuft diagrams (fig. 8) and the am- 
face  pressures  (fig. 1 2 )  show the flow pattern to  be tgpical of that 
for  the plaFn uing Kith and uithout boundw--er control. The appli- 
cation of suction at t h e   o u t b o d  half of the 0.005~  slots with o r  
without the  additional 0 . h  8 l O t f 3  did not improve the lift; o r  s tab i l i ty  
characteristics of the wing wlth split flaps.  
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c 
for   instabi l i ty   pr ior  to the stable break at maximum lift. The flow 
diagrams of figure 10 indicate that initial s t U  occurred at the 
inboard end of the f l a p s  &B a r e d t  of the dieturbmce  created by the , 

plas”form discontinuity at the fnboard end of the flap. The stable 
pitching mment at & f o r  the 0.47B and 0.5$ leading+dge-fle;p 

- configmati- resulted from the confbination of  the clean-up of the tip 
flow and the growth of staU Inboard. The a i r f o i l  surface pressures 
also Show that the exten6ible l e a d w e  f laps  e1.lm-lnart.d the steep 
&verse ~ ~ B E U Z Y I  gradients asd reduced the peak pressure coefficiente 
which occurred for the plain wTng (fig. IL) at each epaswise statton 
covered by the f a g s .  When the f lap spas is increaEed t o  0.7%, a very 

stable c m e  wa6 obtained  prior t o  a very sharp mtab le  break at s t a l l ,  
which was characterirrtic of the s t a l l  of the plain wing. The increased 

2 2 

. s t ab i l i t g  new & results f r o m  the l o s s  of  lift at the inboard 
sections where initial s t a l l  occurred. A s  the angle of attack is  
increased further, the control of  the f l o w  over the outboard  sections 
€a lost and t i p  stall predominated to produce abrupt instabilitg. 

The adation of boundary-lqpr suction at the 0.023 slots at the 
high flow rate produced no appreciable effects on the 1ongitudba.l st- 
bil i ty  of the model with either the 0.47k or the 0.5% lead- 

flaps. For the reduced  auction-flow condition, however, there is Mi- 
cation of improvement in the Btabilitg near C ~ m a ~ c .  With suction at a 
high  flow rate, higher lift W&B maintained  over the outboard sections 
which produced the s t a b n f z i n g  pitching tendency prior to L, but 
s t a l l i n g  eventually progressed outward from the lnbosrd end of the 
f h p  (fig. 10) a ~ d  w a ~  not ~ l ~ e n ~ e d  the suction, and this producd 
a moment- Wtabilfty hmedfately before a stable stall. It is pmb- 
able that auction at the lower flow rate did not control the separation 
at the   t ip  so effectively wbich ultimately produced a m o t h e r  stable 
p i t ch inmment  c m e  in the hia-i range. 

2 

Suction at the ram3m.m flow  rate provided s t ab i l i t g  t o  & f o r  
the ~arger o .T+ l e d - e h p  configuration; however, it w m  not 
defined bqyond this point.  Suction at the lower f l o w  rate was unable 
to delay t i p  a t a l l  and therefore instabilitq occurred a t  L. The 
addition of suction at a high f l o w  rate through the 0 .40~  slots, &a well 
as the 0.025~ slots  f o r  the 0.7% 1 e a d i n p e ~ f h . p  configuration, pro- 

duced stabilitg to mxlmum lift; however, it w&8 not defined bepnd this 
point. This coInbina;t€on &EO gave a maxlmmdift coefficient of 1-29 
w h i c h  waa the hlghest obtabed f o r  this configuration. The f l o w  diagram 
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of  figure 10 indicate  that the f low over  the region behind the s l o t s  was 
greatly  improved  and  the  stall m8 restricted to the inboarrd sections of 
the wlng.  However,  for  the  configuration  with  Bplit  flaps and 0 . 7 9  
extensible leading-edge flaps  (fig. 9(c)) in conjunction  with  suction 
resulted in a maximum-lift  coefficient of 1.32, and longitudinal  ineta- 
bility  at &. 

Effect of Po-mr Failure 

Suction-power  failure  with  the  slots open muld reduce  the max- 
lift  coefficients of  the  plain wing and the wing with 0.79 extensible 
leadinpd.ge flaps by 0.21 and 0.17, respectively, and the  values 
of C b  thus  obtained are less than  those  for  the sealed wing con- 
figurations  (fig. 16) . The  measured drag in the low-lift  range WELB 
essentially efected f o r  the slots-open  fan-inoperative  condition  but, 
at a CL of 0.3 or 0.5, depend-  upon  the  flap  configuration,  the drag  
f o r  the  fan-hoperative  condition  lncreased  rapidly. In the high angle- 
of-attack range ne- C h  the  effect of suction failurs is  to  increase 
the drag coefficient  about 0.120 wbich, for the  flap-deflected configu- 
ration,  represents  over a 5O"percent drag increase. Except for the 
reduction in the " 7 i f t  coefficient,  the  sudden loss in the  suction 
power on the plafn wing and the 0.005~ alots installed would not decrease 
the  stabilitg o r  introduce  instability at stall, although a a m d l  trim 
shift would occur, For the wing wtth the 0.7% leading-e flaps and 

the 0.025~ Slots  the sudden power failure would be appreciably more 
serious. For operation new C k  there would be a lmge trim  shift 
and a recurrence' of instability REI a result of the l o s s  in lift over the 
tip sections. Ih the  event of suc t fon~ower  failure, it would be edvis- 
able t o  have a devlce  &ereby  outflow would be ellmlaated.. 

D r a g  Coeff  icisnts 

Boundw-layer control  at  the leading edge reduced the  measured 
e x t e r n a l  drag coefficients in the hielift; range but  did not appre- 
ciably  change  the dxag in the low- a& moderatelift range. 

The drag coefficients  presented fn the  data  figures,  as has been 
noted,  do not include  the blowewower drag coefffcfents and, if  it is 
of  interest  to  determine  the  total-drag  coefficients f o r  the conditions 
with  boundarg"1ayer  control,  the drag coefficient  equivaJ-ent  to  the 

5 
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. 
r- 

power required to discharge t h e  air remved, from the boundary layer a t  
f'ree-stream total head must be Included. (See reference 8,) It is 
apparent that  le-0 suction slots located in a region of high 
negative  pressures muld produce.fairly high-power drag coefficients. 

The resul ts  of the  Investigation in the Lmgley RzlL-ec&le tunnel 
of the  effects of leading-edge b o u n & q + . e r  suction  with hlgh-lift 
devices on the ~temayaamic characteristics of a 47.5O meptback wlng 
are sumarized  as follows : 

1. Change in Repolde nlmiber from 3.0 x 106 to 7.5 X 106 Eand 
f m m  3 .O x 106 t o  6.1 X 106 fbr the  plain wing aad the wlng with sp l f t  
flaps,  respectively, had no appreciable  effects on the lift and drag 
characteristics of the mdel. The abnrpt ine tab i l iw which occurred a t  
initial stall was progressively shifted t o  higher l i f t  coefficients 
between Reynold6 nunibem of 3 .O X lo6 asd 5.2 X lo6. 

2. The maximuwlift coefficient of the plain wing without born-- 
w e r  control was 1.03. Applying suction a t  the mxinwn flow ra t e  at 
the 0 .OO%hord slots o r  at the 0.02-hord slots increamd the 
lift coefficient to about 1.20. The mdel was 1 o n g i . t ~  stable at 
the maximm lift f o r  the  0.7Jjeercent span O.OO5-chord. s l o t  configuration 
although a slight hstability occurred prior t o  the stall. Suction 
applied along the outboard 50 percent of the span of the 0.005 
chord s l o t s  resultea in static  longitudinal stabflitg through the lift 
range and at a ~~ coefficient of  1.13. 

3.  he mxim.m+= coefficiarts of t h e  wing with -lit flaps, 
with and without boundary-layer suction, were of the aame magnitude as 
the p l a i n  a and suction did not -rove the longitudinal. s tab i l i tg  
chaxacteristics o f  the model. 

4. The 0.47 semispan, 0.59 semispan, and 0.74 semierpets extensible 
leadin-dge flaps, combfned with  suction at  the  O.O2%hord Blot, pro- 
duced m increments in - lift of 0.06, 0.03, and 0 -08 resulting 
in " 7 i f t  coefficients of l d g ,  1.21, and 1.26, respectively. m e  . 
smaller"epan leadinwdge-flap  configuration wa6 1Ongitud- stable 
new maximum lift fo r  the conditions with and without  suction  but f o r  
the 0.7bprcen-m-flap  configuration,  longitudhal Btablli,w new 
the maximum lift was attafned only with a high-ction-flow rate. The 
highest value of maxhtmblift coefficient  obtained in this inveetigation 

with  the s p l i t  f laps  and bounbry-2.qwr  suction but the wing UBB unstable 
at stall. 

, w m  I. 32 f o r  the w3ng with  the 0.7k+ercent-8pan flaps in conibination 

- 
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5.  Blowewower failure would reeult in a reduction of the 
mx&mm+..if% coefficients and fnstabil i ty at the for   the l e a d h e  
edge4 lap  c o n f i m t i o n .  
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f24u 
Wing area 225.98 sq ft 
Aspect ratio 3.4 
Taper rotio 0.5 I 
Airfoil section NACA 64,AI 12 
Root chord 10.8 ft 
Tip chord 5.5 fi 
F 8.78 f t  

H 

Figure 1.- Three-view drawing of a 47.5' sweptback wing-fuselage combina- 
t ion  with boundary-layer control. 
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(c) Section BB. 

Figure 3 . -  The location and 

(b) Section AA. 

O.Ollc'R 

(d) Enlarged view of leodlng-edge suctlon sbt. 

detail dimension6 of high-lift devices. 
w N 
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(a) Plain wing. 

Figure 4.- Effect of Reynolds m b e r  on the aerodynamic characteristics 
of a 47.5O sweptback wing-fuselage combination. Suction d o t s  sealed 
and Mired. 
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(b) Bemispan spl i t  flaps. 

Figure 4.- Concluded. 
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Figure 5.- Effect of bouadary-layer control by suction on the aer-c 
characterlst cs of a 47.5' meptback wing-Fuselage combination. 
R = 6.1 X 10 tl . 

. . . . . . . . . . . . .  . , . .  . " . . . . .  . . -  . 



. . . . . . . . .  

I '. 1 

P 

"1 
R) 

. .  



.. . 

.5 

A 

3 
CD 

2 

J 

0 

1; 

K 

B 

.6 
CL 

4 

2 

0 

3 

. .. . . .  

(c )  0.02% slots 

Figure 5.- Continued. 
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(d) 0.02% slots  and 0.40~ slots. 

Figure 5.- Concluded. 

.. . ... . 



NACA RM L50B15 

Slots sealed and 
f aired. 

Suction a t  0 .005~  

s lo t s  (0.73;) 
4000 rpm. 

(a) 0.005~ s lo ts  

C 

Suction a t  0.005~ 
slots (0.73;) and 

0 . 4 ~ ~  slot3, 4000 rpm. 

Figure 6.- Stall ing  characteriatica of  a 47.5' aweptback w i  -fuselage 
ombination with and without suction. R = 6.1 X lo? 
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I 

Slots sealed and 
faired. 

I I 

Suction a t  0.025~ Suction at 0.023 
8 l O t S  (. -73;) slots (0.73;) and 

4000 rpm. 0.40~ slots ,  4000 rpm. 

(b) 0.025~ s l o t s  

Figure 6.- Concluded. 



(a) 0.005c s lots  (0.7g). 

Figure 7.- Effect of boundary-layer  control by mction on the aerodynamic 
characteristlcs of a 47.5O sweptback vi fwelage combination 
Kith eemlspan spl i t  flaps. R = 6.1 x 10 T 

W 
Iu I 

. . .   . .  . . . . . . . . . . . - . .  . .  . . .  . 



. . .  

c , 

(b) 0.005~ slots (0.73;) and 0 ; b c  d o t s .  

Figure 7. - concwea. 
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Figure 8.- Effect of semispan spl i t   f laps  on the stalling characteristics 
of a 47.5O 8 eptback wing-fueelage combination with and without auction. 
R = 6.1 x 10 B . 
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(a) 0. exteneible  leading-edge flaps. 0.025~ slots o 73- . 
Figuxe 9. - Effect of boudary-layer control. by sation on the aerodynamic 

characteristics of R 47.5O meptback wing-f'u elage codbination wj..th 
extensible leading-edge flape. R = 6.1 X .lo b . 
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Suction at 0.025~ 
Slots  sealed and 

faired. slots (0.733 
4000 rpn. 

1.4 

1.2 

0 LO 

% E  
434 .a 

4 8  .6 
12 i6 20 24 28 

a 

Suction at 0.0232 

slats (0.73:) 
4000 rpm.  

Figure 10. - Effect of extensible leadingedge flaps on thz s t a l l f n g  chazac- 
teristics of a 47.5 sweptback wing-fuselage conibfnation wLth and 
witMut suction. R = 6.1 X lo6. 
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W d w l s e  statim, x/c' 

a =,10.6' 

Figure 11.- Airfoil  preaaure dietribution over a 47.5O sweptback w i n g  
with and without boundary-layer control. 0.005~ slots 

6 R = 6.1 x 10 . 
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2 y/b = 0.34 
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Figure 11. - Continued. 
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I, I 2y/b=0.34 I 
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0 .2 .4 .6 .8 1.0 
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0 .2 ' .4 .6 B 1.0 
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( c )  a = 18.1'. 
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Chordwise station, x/c' 

Figure 11.- Continued. 
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2y/b=a34 

QX/C'=o, P"2.98 n 

Ghordwise statim, x/c' Ghadwise Statton, X&' 

0 .2 .4 .6 f l  1.0 0 . 2  .4 6 fl  1 x 3  
Chordwise station, x/c' Chordw[sa stafim, x/c' 

(a) a = =.go. 

Figure 11. - Concluded. 
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Chordwise station, x/c'  

0 .2 .4 .6 .8 1 1 3  
Chordwise station, x/c' 

NACA F&l L y B 1 5  

0 2 A .6 B 1.0 
Chordwise station, x/c' 

Chordwlse station, x/c' 

a = 10.3~. 

Figure 12.- A i r f o i l  pressure distribution over a 47.5O eweptback wing 
with and without boundary-layer con-trol. Semispan split flaps. 

0.00% slots (0.73;). R = 6.1 x 106. 



NACA RM L50Bl5 . .  45 

-12 
2y/b=Q34 1 I 

-10 I I  I I  
L 

0 Slos 
and faired 

saalsd 

E! 
2 - 4  
d 

-2 

0 

2 

Q 

0 .2 .4 6 B 1 x 3  0 .2 .4 .6 .8 ID 
Chordwke station, x/c' Ghadwise sfation. x /c l  

0 .2 A .6 B 1.0 0 .2 -4 6 .8 f x 3  
~ d W i s 8  Station, x/c' Chordwb  station, x/c' 

(b) a = 14'. . 
Figure 12.- Continued. 



46 NACA RM L50B15 

Chordwlse station, x/c' 

-12 ,. I 1 

-I 2 
2y/b=CL53 

-I 0 
a Q X/c'=O, P"3JI 

$' -8 

f-. 
$ 4  

h 
-2 

0 

2 
0 .2 .4 .6 B ID 

Cttbdwise station, x/c' 

0 .2 A .6 .8 1.0 
Chordwlse station, x/c' 

Figure 12.- Continued. 



42 
2y/b -a34 

I 

0 .2 -4 6 B 1.0 
cbdwise stofion, x/c' 

0 .2 .4 .6  .8 ID 

0 2 .4 .6 fl  f . 0  
Chmlwise station, X/C* 

0 2 -4 .6 .8 1.0 
<xlordwise sfation, x/c' Chordwise sfation, x/c' 

(a) a = U.8'. 

Figure 12. - Concluded. 

47 

8 



RACA RM L50B15 

Figure 13 . -  Effect of Reynolds number on the section l i f t  characterietics 
of a 47.3O sweptback wing. Suction slots sealed and faired. 
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(61 Semispan split flaps. 

Figure 14. - Effect of  boundary- er control by suction on the  section 
l i f t   charac te r i s t ics  of a 47.5 sweptback wing. 0.005~ slots 

(0.73;). R = 6.1 X 10 6 . 
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Figure 15. - Airfoil pressure distribution Over a 47.5O sweptback wing 
with  extensi le  leading-edge flaps. Slots eealed and faired. 
R = 6.1 x 10 . B 
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Figure 15. - Continued. 
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Figure 16.- Effect of suction-power  failure on the aerodynamic  charact - 
istics of a 47.50 mptback wlng-fueelage ccrmblnetion. R = 6.1 X 10 3 . 
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Figure 16.- Concluded. 
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